The second sample, designated 'malnourished', comprised nails collected from I 3 I infants and children suffering from a variety of conditions which were judged to have affected their nutritional status. The sample included nails from eighteen children recovering from kwashiorkor in rehabilitation centres in the city of Guatemala. It also included specimens from thirty cases of marasmus and kwashiorkor admitted to the National Children's Hospital, Quezon City, Philippines. There were also nails from children diagnosed as 'failure to thrive' in the Washtenaw County Well Baby Clinic at Ypsilanti, Michigan. Children acutely ill in Detroit General Hospital were used as a source for the nails in the subgroup designated 'acute illness'. The cases of phenylketonuria were from various locations in Michigan, but they were all under surveillance in the University Hospital. Also included in this group were nails from sixteen adults suffering from secondary malnutrition. The characteristics of the subjects providing samples of nails to the two groups are shown in Table I .
Method
All specimens had been removed from the left middle finger by either nail clippers or scissors. Specimens from overseas were placed in small paper envelopes and immediately airmailed to the laboratory. On receipt, all these specimens and those collected locally were mounted in phenolic resin. The embedded nails were polished and subjected to the Knoop test of hardness of materials as described previously ( Robson & El Tahawi, 1971) . Three hardness readings were taken at different sites on each nail clipping, and they were converted to Knoop hardness numbers from a standard conversion table after each measuring session.
Statistical analysis
The results were coded and punched onto IBM punch cards and processed by the MIDAS (Michigan Interactive Data Analysis System) computer program. The results were treated as a whole and by subgroups. A one-way analysis of variance was applied to test the hypothesis that the group means were equal. Two-sided comparisons were made using Dunnett's procedure (Steel & Torrie, 1960).
RESULTS AND DISCUSSION
The means, standard deviations, standard errors of the means, and ranges of hardness of the groups and subgroups are shown in Table 2 . Differences in the mean Knoop hardness numbers of nails from the normal and malnourished groups were significant (P < 0.01).
The mean hardness of the normals was compared with each of the malnourished subgroups. The hypothesis that the normal and subgroup means were equal was rejected in favour of the alternative of unequal means (F7473 = 13.752, P < o.oo05).
Dunnett's procedure provides for paired comparisons (normals v. malnourished groups). Seven comparisons were made at an over-all level of significance of 5 % ( a = 0.05). Significant differences were found between the means of hardness for the normal group and the malnourished subgroups designated 'failure to thrive', 'kwashiorkor (recovery)', 'acute illness', 'kwashiorkor', and 'marasmus'. There were no significant differences between the normal group and the malnourished subgroups designated 'secondary malnutrition' and 'phenylketonuria' (see Table 3 ).
The observed differences could have been due to a number of factors. First, consideration has to be given to variations inherent in the methodology. Thus, variability in the hardness-testing machine, variations in the technique, and errors in computing the hardness numbers could influence the results. In view of the large numbers in the sample, the reliability of the test, the known accuracy of the hardness-testing machine and the experience of the technician, these factors were not considered to be responsible for the observed differences. Another possible extrinsic influence on nail hardness was the effect of the environment over the passage of time.
Twenty nails from the normal group selected at random were examined twice at an intcrval of 10 months. Differences in hardness did not, in any sample, exceed the range of hardness found in multiple measurements on a single nail. Two other possible causcs of the differences in hardness were considered. First, there were differences in the age structure of the subjects in the malnourished and normal groups. T h e effect of age on hardness was assessed from frequency distribution diagrams plotting age against hardness for all samples from subjects under 12 years of age (normal and malnourished) and normal subjects under 12 years of age. T h e distribution of the plots was random and did not suggest any relationship between hardness, or softness, and age up to 12 years of age. It is possible that, after puberty, sex differences and occupational and degenerative effects are likely to influence hardness.
T h e effect of different environments on the hardness of normal nails has not been evaluated. All the normal nails were collccted in the temperate midwestern United States, whereas all the hard nails were from children suffering from kwashiorkor or marasmus in the tropics. T h e soft nails of children recovering from kwashiorkor suggests that location did not determine hardness. Differences in hardness attributable to the varying racial and sex structure of the individuals supplying the samp!es could not be completely discounted since no samples were measured from 'normal' Filipino or Guatemalan Indian children. Rut, when the mean hardness of samples from males and females and from Blacks and Caucasians were compared, no significant differences in hardness were found between the two sexes and the two ethnic groups.
The ranking of mean hardness suggests that this property is related to the duration and severity of protein or energy deprivation, or both. Thus, the hardest nails were found in children with kwashiorkor and marasmus; there was no statistical difference in the means of hardness numbers to suggest a possible method of differentiating these two forms of protein malnutrition. The softest nails were those of Guatemalan children recovering from kwashiorkor. All of these children had been given adequate amounts of good-quality protein during rehabilitation. It has been noted previously that nails became softer during recovery (Robson & El Tahawi, 1971); these results show that the nails of the recovering Guatemalan children were significantly softer than normal. The mean hardness of the remaining subgroups, namely those suffering from phenylketonuria and chronic disease, was not significantly different from the means of the normal group. The numbers in the acute illness group were very small, however, and this sample may not be representative. Furthermore, the children with acute illness were all from a very poor part of Detroit where undernutrition is known to exist. All of the children with phenylketonuria had been under the care of a specialized unit and they were under dietary control, making satisfactory clinical progress.
T h e cases in the chronic disease category were also under treatment. One of these was an adult male with malnutrition secondary to a surgically-induced short bowel.
Over a period of 8 months his weight increased from 54.7 to 63.1 kg. A second subject in this group was a 3 j.8 kg adult female with nontropical sprue who showed a marked clinical improvement over a period of 2 months. The increasing softness of the nails of these two subjects is shown in Table 4 . S o trends in hardness were observed in nine subjects with phenylketonuria whose nails were examined every 4 weeks over a period of 1 2 weeks.
The mean hardness of the malnourished group was lower than the values previously reported by Robson & El Tahawi (1971) . In the earlier study the mean values for hardness in groups of malnourished infants and children were 32-21, 34.48 and 3409 respectively. The mean for 147 samples from the malnourished group in the present study was weighted by low values from the Guatemalan children recovering from malnutrition, as well as others whose clinical condition was not serious. The lower values could have been due also to the use, in all instances, of the 25 g stylus impression weight. In the earlier study stylus weights varying between 25 g and 100 g had been used.
In conclusion, statistically significant differences were noted in the hardness of samples of finger nails from normal and malnourished groups. T h e hardest nails were found in Filipino infants and children, the softest nails were found in Guatemalan children recovering from kwashiorkor. The results support the hypothesis that up to 12 years of age at least, hardness of nail is an index of nutritional status, but further investigations are required to correlate nail hardness with clinical, anthropometric and biochemical measurements in subjects with protein-energy deficiency. These subjects should be selected from different environments and comparisons should be made during the acute stages of the disease and in recovery.
Further study is required also to determine the cause of the differences observed. Mineral deficiencies including those of iron and zinc may have co-existed with malnutrition suggesting the need for chemical examination of nails in health and disease.
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